Abstract. Service-Oriented Architecture (SOA) is now considered a mainstream option for delivering solutions which promise business agility benefits. Unfortunately, there is currently no quantitative approach for predicting the expected agility of a SOA system under development. In this paper we present an empirically validated Predicted Business Agility Index (PBAI) which is designed to measure the expected business agility of a SOA deployment. The PBAI is constructed through statistically analyzing the relationship between 150 technical attributes and the attainment of business agility in 39 SOA deployments. 37 of the technical attributes, classified into three areas of architecture, business process management, and impact analysis are determined to be the primary contributors to achieving business agility. The PBAI is evaluated using a leave-one-out cross validation experiment of the SOA projects in our study, and is shown to be highly correlated with attained business agility.
INTRODUCTION
Service Oriented Architecture (SOA) is defined as a "framework for integrating business processes and supporting IT infrastructure as secure, standardized services that can be reused and combined to address changing business priorities" [1] . The introduction of SOA into the enterprise has resulted in the proliferation of enterprise level solutions that significantly leverage services to solve very large scale problems [1] , [2] . As a result, it is now almost impossible to conduct business on the web without using some type of service. For example, if you purchase a book online, you will probably use services to retrieve and display the right inventory information, verify your shipping address, compute correct taxes, and authorize your credit card information.
According to High et al [3] , SOA solutions facilitate increased agility and resilience within an organization. They enable the alignment of information systems with business processes to allow the organization to respond more quickly to changing market conditions. Dove [4] defines business agility as the ability to "manage and apply knowledge effectively, so that an organization has the potential to thrive in a continuously changing and unpredictable business environment," while Gartner [5] defines it as "the ability of an organization to sense environmental change and respond efficiently and effectively to that change." For purposes of this study, we define business agility as an organization's ability to effectively sense, manage, adapt and respond efficiently and effectively to produce a desired outcome to opportunities, challenges and competition, through leveraging business strategy, people and information technology [3] .
The development of a SOA solution represents a non-trivial investment in human resources, capital and time. It is often undertaken with the expectations that it will position the organization to respond more adeptly to changing market conditions. Unfortunately, SOA projects that do not consider the impact of various architectural, process, and governance related decisions upon future business agility may fail to achieve these desired benefits [6] . Therefore, we have developed a business agility predictor model, which is designed to evaluate a SOA deployment currently under development in order to (i) predict the extent to which it is likely to achieve business agility in the future, (ii) identify deficiencies, and (iii) suggest corrective measures. One of the benefits of our approach is that it can be used during the planning and development phase by technical IT stakeholders.
In our study, the business agility predictor model was constructed in several stages. First, a Business Agility Index (BAI) was developed to measure after-the-fact attainment of business agility in each of the studied SOA deployments. Using the BAI requires expertise in both business and technology, and it can only be applied after the SOA project has been deployed for a period of time and its business agility has been put to the test. In the second stage of model construction we developed a Predicted BAI (PBAI) which is designed for use in early stages of a SOA project to predict future business agility based on the degree to which various attributes are present in the project. The PBAI was developed using a version of the Goal-Question-Metric (GQM) approach known as GQM-MEDIA (GQM/MEDEA) [7] to identify technical attributes of the project which were believed to potentially impact business agility. These attributes were later grouped into meaningful categories, and a statistical analysis was performed to construct the PBAI model, and to validate it against the BAI.
In the remainder of this paper, section 2 describes the data collection process, section 3 describes the BAI and how it was constructed and validated, while sections 4 to 6 describe construction and validation of the PBAI model. Section 7 briefly describes the application of the PBAI in real life situations and the benefits that can be gained from its use. Finally in sections 8-10 we discuss threats to validity of our study, related work, and provide a summary of our contributions.
SOA CASE PROJECTS
The validation of the BAI values and the construction and validation of the PBAI was based on an extensive study of real SOA projects. The data was collected through an IBM Academy of Technology virtual conference. A call for papers was issued in early May 2010 to recruit participation with case studies and data collection. In all cases, the study participants were the tech leads and/or the architects that presided over a project during SOA solution implementation. The first round of data collection lasted for three months from June through September of 2010. Participants were asked to evaluate attributes for a project they had been actively involved in. Data collection was driven by 215 questions, of which 80 were designed specifically for purposes of this study. The answers to these 80 questions produced 150 attributes that were considered for the study. It took an average of 12 hours per project for the SOA expert to collect and review data. All projects in the study were required to have SOA as the primary architecture style, and to include five or more services. Furthermore, the projects were required to have been production-bound with real funding, teams, accountability, milestones, return on investment measure, and schedules. Finally, they needed to have completed the full development lifecycle.
Data was initially collected from 36 projects; however three projects were rejected because they did not meet the inclusion criteria, while three were rejected due to significant amounts of missing data. A second round of data collection started in late January 2011 and lasted for one month. A total of 9 non-IBM projects were used for the data collection process, and participants addressed only the 80 questions related to our study. As a result, 39 projects were ultimately included in the data analysis. Of these, 30 projects were executed by the IBM professionals, while 9 were the non-IBM projects. In both cases the majority of project participants were from the US.
Categorized by industry, 19% of the projects were from Government, 13% from Healthcare, 9% each from Banking, Insurance and Telecommunications, 6% each from Insurance and Education and the remainder from other industries. 7% of the projects reported completion within three months. 28% reported durations of three months to one year, 25% took between 1 and 2 years, and the remaining 40% took over two years.
THE BUSINESS AGILITY INDEX (BAI)
In preparation for the online conference, twenty SOA experts met regularly over a period of eight weeks to construct the Business Agility Index (BAI). These experts included a mix of IBM fellows, distinguished engineers, senior IT architects, project managers and research staff. All participants were experienced in SOA and its best practices, and had an average of 20 years IT experience and 5 years of SOA experience. The experts were divided into two independent groups, each one tasked with defining what it means for a SOA project to contribute to business agility. Findings from the two groups were then combined and discussed until consensus was reached, and results were documented as eight equally weighted true/false questions, referred to from now on as the BAI, and shown in Table 1 . The BAI index was computed by assigning one point to each question answered positively for a project. The BAI scale therefore ranged from 0 (no indication of business agility) to 8 (strong indication of business agility).
As part of the data collection process, each study participant was responsible for engaging an extensive set of business stakeholders for their project in providing a simple yes/no answer to the more direct question: "Did this project achieve business agility?" They were also responsible for answering the eight BAI questions shown in Table 1 . Results are reported in Table 2 , and show that 18 of the projects were classified as business agile, while 14 were classified as non business agile. The remaining Table 2 . BAI Assessment of 39 SOA Deployments 7 projects were unclassified. Results show that 12 of the business agile projects achieved BAI scores of 5 or higher, while 6 achieved scores of 4 or lower. Furthermore, 13 of the non-business agile projects achieved BAI scores of 4 or lower. Consequently, for the SOA projects included in our study, 100% of projects receiving high BAI scores were in fact perceived as business agile. In contrast, 70% of projects receiving low BAI scores were classified as non-business agile.
PREDICTED BUSINESS AGILITY INDEX (PBAI)
Although the BAI is able to largely differentiate between business and nonbusiness agile projects, its usefulness is limited because it requires business expertise and can only be assessed after the fact, once the SOA system has been built, deployed, and its business agility tried and tested. The BAI therefore does not provide predictive value. In contrast the intent of our work is to develop a model with a concrete set of factors and attributes that are easily collectable by technical project personnel during early phases of a project, and which have the capability of accurately differentiating between projects which are likely to attain business agility and those which are not. To accomplish this we constructed the PBAI by identifying technical factors which could be collected and measured during early phases of the project, and which were shown to be highly correlated with the attainment of business agility.
Building the PBAI therefore involved first conducting a series of brain storming sessions with the group of SOA experts in order to identify a very broad set of 150 candidate SOA attributes. The 150 candidate attributes were collected as a result of executing the data collection questions. Factor analysis was later used to determine which of these attributes accounted for the differences in attained business agility as measured by the BAI. For each of these attributes, SOA experts ensured that data collection questions were designed to measure the extent to which the attribute was realized in the solution. For illustrative purposes we include examples of three different questions and their viable answers in Table 3 . As different questions were asked in different ways, the answers needed to be encoded. For example, 'Yes/No' questions were encoded as 0 and 1 respectively, while questions with answers on an ordinal scale were assigned an appropriate integer value that reflected the selected range. It should also be noted that certain questions related to multiple attributes, and that later in our process, the attributes were categorized into groups which were then used to build the predictive business agility model.
Additional attributes
We determined that due to the large number of attributes studied (150), the relatively small sample size (39), and the fact that not all study participants answered every question, factor analysis alone might not be sufficient for identifying all of the important attributes. We therefore allowed the expert group to propose an additional set of attributes which they deemed important for potential inclusion in the PBAI. For example, in the Impact Analysis area, the experts identified (i) reporting analysis, (ii) resource management and utilization, (iii) predictive impact analysis, and (iii) lifecycle impact analysis. As a result of this step, 9 additional attributes were added to the overall pool, yielding a total of 37 attributes for further consideration as potential predictors.
Composite Factors
For the next stage of the analysis we grouped the 37 identified attributes into meaningful composite factors. This task was conducted by one of the researchers on the project with over 5 years of industrial SOA experience. This grouping was necessary because the relatively small sample size of 39 projects and the problem of incomplete data made it infeasible to analyze all of the attributes individually. We should also point out that although there are additional potentially relevant issues related to areas such as methodologies and tools, and analytics, our study focused primarily on technical architectural factors and so these areas were considered out of scope.
We developed a set of five composite metrics described as architecture (SOA), impact analysis (IA), Business Process Modeling (BPM), loose coupling (LC), and governance (Gov), each of which aggregated metric results from its associated individual attributes. For example, the Governance Metric evaluated the extent to which a SOA project exhibited governance practices, and was computed by summing the associated individual attributes. The composite metrics and examples of associated attributes are depicted informally in Table 4 . In the following section we describe the statistical analysis that evaluates the extent to which each composite factor contributes to attained business agility. These findings were used to build the PBAI model. 3. An Atomic Service is a web service that can stand on its own and does not re-quire the use of other web services to complete its functionality. In contrast, Composite Services are composed of other web services through aggregation, al-so referred to as structural composition, or at runtime through invocation and orchestration of services through use of a workflow engine. What is the percentage of services that are atomic for this project?  More than 90%,  71-90%,  51-70%  31-50%,  11-30%,  1-10%
THE BUSINESS AGILITY PREDICTOR MODEL
The five composite scores shown in Tables 4 and 5 served as independent variables, while the BAI scores served as dependent variables. 38% of projects we studied scored below the midpoint of the BAI scale, while the remaining 62% performed above it, meaning that the overall sample provided sufficient representation of both business agile and non-business agile SOA deployments. The SOA, Impact Analysis, BPM, loose coupling, Governance scores, and the BAI index were computed for each project. As reported in Table 5 , the projects that claimed business agility had a mean value for the SOA score 102.19% higher than the projects that did not claim to achieve business agility. A less significant result was reported for BPM, Impact Analysis and Loose Coupling scores with values 48.27%, 56.16% and 9.50% respectively. The Governance factor showed a difference of -6.39% in the mean between projects that achieved business agility versus those that did not.
The significant difference in business agile and non-business agile SOA scores is expected, as making and implementing sound architectural decisions has always been perceived as critical for attaining business agility. The lack of divergence among projects with respect to Governance surprisingly suggests that at least in the projects studied, governance is not a predictor of business agility outcome. The other factors such as BPM score, Loose Coupling and Impact Analysis all showed some differences between the means of business agile, versus non-business agile projects, indicating that such factors have the potential for playing a role in achieving business agility in SOA projects.
Primary Hypothesis
The fundamental hypothesis is similar for all the investigated factors as part of this study. The null hypothesis H 0 states that the coefficients relating our factors (independent variables) to the BAI are equal to zero. Or simply stated, that business agility is not impacted by SOA deployment factors. H 0 : β1 = 0. The alternative hypothesis H 1 states that the coefficients relating our factors (independent variables) to the BAI (dependent) variable are not equal to zero. H 1 : β1 ≠ 0, or stated differently, that there is a relationship between business agility and our hypothesized factors (SOA Score, BPM Score, Impact Analysis Score, Loose Coupling Score and Governance Score).
Building the Predictor Model
To construct the PBAI we utilized multiple linear regression analysis to investigate the relationship between composite factors (i.e. the independent variables) and the business agility index (i.e. the dependent variable). This relationship is represented as y i = β 0 + β 1 x 1 + β 2 x 2 + ... + β p x p + e i, where β 0 is the constant term and β1 to βp are the coefficients relating the p explanatory variables to the dependent variable.
The descriptive statistics for the identified factors were generated and examined. Projects with missing data were simply dropped from the analysis, reducing the number of analyzed projects from 39 to 32. Regression assumptions such as normality and collinearity were checked and found to be appropriate for the analysis. Correlation analysis between each of the factors and the dependent variable BAI showed positive correlations for each factor. Table 6 reveals that SOA, IA and BPM are the most sig- nificantly correlated factors to achieving business agility in SOA solutions. Loose coupling is also significant, however, to a lesser degree than the other factors. SOA Governance, on the other hand, is not significant based on the collected data.
The results of multiple regression showed that our independent variables produced an adjusted R 2 of .64 ( F(3,31) = 19.46, p = .000) for the prediction of achieving business agility. All of the tested predictors turned out to be significant ( p < .05) except for the Governance Score (p =.309) and Loose Coupling (p=.133) ). Based on the results documented in table 7, the regression analysis indicated that SOA, BPM and IA are reliable factors for predicting BAI, while Gov and LC were not. We consequently excluded Gov and LC from our model. Using our model parameters, we write the predicted business agility index PBAI calculation equation as follows: where SOA is the SOA Score, BPM is BPM Score and IA is Impact Analysis Score.
Analysis
Before describing the experiments that were conducted to evaluate the correctness of the PBAI model, we provide a brief discussion of each composite factor that was either included or excluded from the PBAI model.
A closer look at the individual elements contributing to the SOA Score reveals that inherent support of a given architecture for rules, events, task automation, alerts, monitoring and analytics is essential to achieving the desired business agility improvements. Given that business agility is primarily concerned with the continuous sensing and adapting to new conditions, the significance of this factor seems logical.
Similarly it is not surprising to find that impact analysis and BPM capabilities contribute to business agility. Impact analysis ensures that SLAs are monitored proactively and it therefore contributes directly to the business agility goals of responding to ad-hoc changes. Similarly the optimized business processes and proper alignment with IT that happen as a result BPM's best practices ensures that business processes are well thought out and not created randomly. BPM attributes such as modeling, monitoring of key performance indicators and the use of rule engines to externalize business rules add a significant amount of flexibility to SOA solutions. It is worth noting that monitoring SLAs or KPIs is not restricted to SOA solutions. Any IT solution can be architected to incorporate aspects of dynamic and predictive impact analysis components as well as BPM best practices.
As previously discussed, our analysis could not conclusively identify loose coupling as a significant factor. However, our results show a positive correlation between loose coupling and the BAI as documented in table 6. In particular, ESBs are widely considered important in developing a loosely coupled solution primarily because they provide a virtualization layer [2, 3, 4, 5] , and also enable many features that contribute to the sensing and handling of ad-hoc situations. We therefore experimented with having an ESB composite factor as a separate part of the model, and our analysis showed that use of ESBs is a relatively strong indicator for achieving business agility in a SOA deployment. However, given the significance levels reported in regression analysis results, we chose not to include this factor in the overall predictive model.
The Governance score predictor was found to be insignificant. The governance score includes a mix of capabilities including establishing and tracking project management and architect roles, advertising and sunsetting services, and tracking requirements and requests for change. One reason that the factor may not have been identified as significant in our model is because all projects that scored high in impact analysis also tended to score high on the governance factor implying the adoption of strong governance practices. This overlap will be explored further in our future work.
One of the unexpected results from our study was the inability to draw conclusions concerning reuse. Attributes related to reuse were eliminated in early stages of factor analysis. However, this finding could be explained by the fact that the project data was collected from projects that were completed over the past four years, while effective reuse is often associated with multiple mature projects. Furthermore, a closer inspection of our collected data revealed a significant amount of missing data with respect to re-use questions. As a result of dropping projects with missing data, it is possible that re-use was not given full consideration as a predictive factor.
VALIDATING THE PBAI
Because of the significant cost and effort of collecting data, there were no additional projects available for evaluating the PBAI. We therefore conducted a standard leave-one out cross-validation experiment based on the 32 existing projects. The 32 projects were the final set of projects used after excluding projects that did not meet the project selection profile from our original set of 39 projects. In each experimental run, one project was set aside for testing purposes, while the remaining 31 projects All correlations are significant except for Gov were used to repeat the entire regression analysis and construct a new PBAI equation. The PBAI equation was then used to compute a PBAI score for the test project. This process was repeated 32 times, until each project had been tested. Two different research questions were addressed as a result of this experiment. First, we evaluated the stability of the PBAI equation over the 32 computations. In all of the experiments, the generated PBAI model included the three factors of SOA, BPM, and IA, and excluded Gov, and LC. Furthermore, in 90% of the cases the identified factors remained the same, and differences in coefficient values were found to be minor. In the remaining 10% of cases, the LC factor nudged the BPM factor (i.e. LC factor p < 0.05 while BPM factor p > 0.05) .
The second evaluation compared the computed PBAI scores against the BAI scores for each project. Based on our previous observations that a BAI value of five or greater is considered to be business agile, results, which are reported in Table 8 , show that PBAI predicted 15 projects to be business agile (i.e. scoring 5 or higher in the PBAI) of which 14 had been originally classified as business agile. It also predicted 17 projects to be non-business agile, of which 13 were originally classified as non-business agile, and 4 as business agile. Furthermore, as depicted visually in Figure 1 , our results showed that in 87.5% of the cases the PBAI scores agreed with the BAI scores that the project was either business agile or not. Furthermore, a Pearson correlation analysis returned a correlation of 0.82 between the predicted PBAI scores and reported BAI scores. In general these results indicate that the PBAI was able to differentiate between business agile and non-business agile projects.
USING THE PBAI
As previously explained, the PBAI is designed to provide an early prediction of the potential business agility outcome in SOA projects. As demonstrated through our study, all of the associated metrics are easily collected by IT personnel on the project. In addition to generally identifying projects with low potential for achieving business agility, the factors contributing to the BAI can be used to recommend areas of remediation. We illustrate this by exploring the architecture factor for one of the projects which received a low PBAI score.
This project was found to score only 2 on the architectural score. An analysis of the individual attributes in the architectural category of the PBAI showed that on the positive side, this project (i) provided runtime support rules for driving the workflow, and (ii) included a service architecture which properly documented services, interfaces, and operations. On the other hand this project failed to provide runtime support for (i) alerts that summon human intervention, (ii) events that trigger the workflow, (iii) services that automate the workflow. (iv) dynamic resource allocation to alleviate bottlenecks, (v) monitoring and dashboarding to provide real-time feedback, and (vi) analytics that inform or enrich the process. These missing practices could be recommended as remedial actions for increasing the potential business agility of the SOA deployment. The fact that these factors could be analyzed early in the project, provides significant opportunities for making corrections in early planning stages.
THREATS TO VALIDITY
The primary threats to validity in our study arise from three different areas. The first is the fact that only 39 SOA deployments were included in our study; however it is non trivial to increase the number of projects studied as each SOA project involved many hours of hands-on data collection and a significant investment in time. Although extending the study to include additional projects could increase confidence in the results; however, to the best of our knowledge, no previous study (excluding simple surveys) has evaluated so many SOA projects as extensively as our study. We therefore believe that our findings make a valuable contribution to understanding the relationship between technical factors in a SOA deployment and the ultimate business agility that is attained. Nevertheless, the relatively small sample size did impact our ability to explore certain factors such as the re-use factor, for which there was a problem with missing data. We therefore are careful not to make claims for factors that we were unable to fully analyze.
The second primary threat to validity originates from the use of SOA experts to construct the BAI model and to evaluate each of SOA projects against the BAI and with respect to its attained level of agility. Although the study was presented as a study on best practices and participants were neither informed of the intent to construct a PBAI nor pressured to claim business agility, it is clearly feasible that some participants overstated (or possibly understated) the degree of attained business agility. Furthermore, it is also possible that the SOA experts failed to include all pertinent factors in the BAI model, or in the list of 150 attributes assessed for each of the projects. This problem was at least partially overcome by the rigor with which the study was designed and executed. For example, we employed the practices defined by GQM-MEDEA to identify a relatively complete and appropriate set of factors for the PBAI model. Furthermore, all of the statistical techniques applied in this paper were carefully implemented to ensure that all preconditions were met, and a systematic process was followed for selecting SOA experts, selecting projects, collecting project data, and ensuring that the data was valid.
Finally, it is possible that bias was introduced through the fact that 30 of the 39 projects are IBM related. However, these projects represented a wide range of complexity, duration, industry participation and scope, and the leave-one-out crossvalidation experiment demonstrated that the results were at least applicable across this broad sample of projects.
RELATED WORK
Most techniques for measuring business agility are domain specific and are unrelated to SOA deployments. For example, the methods documented in [9] , [10] , [11] , [12] , [17] are all biased heavily towards the manufacturing sector. Several authors have argued that the vagueness of the agility concept makes it extremely difficult to measure using regular quantitative methods [11] , [13] , [14] . Tsourveloudis et al. [11] used fuzzy logic to measure agility in the manufacturing sector. Their approach measures operational characteristics such as change in quality, versatility, and product variety, rather than measuring the indirect results of agility such as better profits, time to market, or customer satisfaction. The authors associate specific attributes with more general areas of agility infrastructure. Infrastructure agility parameters and their variations are used to compute an overall agility score. In some respects, Tsourveloudis et al's approach is similar to ours, as both methods group attributes or factors into large categories and then evaluate an organization with respect to those larger categories.
Lin et al. [13] , [14] also used fuzzy logic by developing the fuzzy agility evaluation (FAE) framework and its associated fuzzy agility index (FAI). The FAE used a survey to collect and analyze agility drivers such as IT integration, competence, team building, technology, quality, change, partnership, market, education and welfare.
The framework included steps to analyze and synthesize the answers to the agility drivers and provide associated weightings that are used to establish FAI thresholds and map scores to different agility levels.
While some of these methods are effective for measuring business agility in specific domains or even for general IT solutions, they do not address the problem of measuring business agility in SOA deployments. In contrast, our approach is designed specifically for use with SOA deployments and incorporates a mixture of factors which are general to all IT solutions as well as factors specific to SOA projects.
CONCLUSIONS AND FUTURE WORK
This paper has presented a PBAI model for predicting whether a SOA project under development is likely to attain business agility. The model was developed through analyzing data from over 32 successful SOA deployments, and has been shown experimentally to serve as a relatively strong predictor of business agility. The empirical validation reported in this paper substantiates many of the ideas that have previously been anecdotally claimed as best practices, while challenging other broadly accepted ideas. For example, governance is broadly touted as a best practice for achieving business agility, but our analysis did not identify it as a significant factor, r =.187. On the other hand, stronger correlations were reported for SOA, IA, BPM, and LC with r values of .675, .52, .50 and .41 respectively.
Clearly, additional studies are needed to explore the impact of other 'best practice' claims upon business agility. Furthermore, the work described in this paper could be extended through capturing data from additional projects so that other factors such as the 're-use' factor can be more fully explored. Similarly, the future investigation of business agility anti-patterns may reveal a set of factors that must be avoided in order to enhance business agility.
Finally, it is worth noting that there is a cost for achieving business agility in SOA solutions, as they often require additional components and more complex development environments. This relationship will also be explored as part of our ongoing work.
